Multivariate analysis applied to Raman mapping of dye-functionalized carbon nanotubes: A novel approach to support the rational design of functional nanostructures by VISENTIN, Sonia et al.
This full text was downloaded from iris - AperTO: https://iris.unito.it/
iris - AperTO
University of Turin’s Institutional Research Information System and Open Access Institutional Repository
This is the author's final version of the contribution published as:
Visentin, Sonja; Barbero, Nadia; Bertani, Francesca Romana; Guidi,
Mariangela Cestelli; Ermondi, Giuseppe; Viscardi, Guido; Mussi, Valentina.
Multivariate analysis applied to Raman mapping of dye-functionalized carbon
nanotubes: A novel approach to support the rational design of functional
nanostructures. ANALYST. 140 (16) pp: 5754-5763.
DOI: 10.1039/c5an00820d
The publisher's version is available at:
http://xlink.rsc.org/?DOI=C5AN00820D
When citing, please refer to the published version.
Link to this full text:
http://hdl.handle.net/2318/1532900
         	  
              	          	           	  
             	   ff 	  
 	    fi fl    ffi 
fi  fl  	   	          fi fl                   	  
     fl     ! *
" # $ % & ' ( ) $ * ( + , - + . $ / 0 . & ' 1 2 + ( $ / 3 * + . + 4 5 & * 6 7 $ & . ( 3 8 / 2 $ * / $ 9 : * 2 ; $ ' < 2 ( 5 + , = + ' 2 * + 9 > 2 & ? 2 @ @ & A B 9 = + ' 2 * + 9
C D C
B E 9 F ( & . 5
G
# $ % & ' ( ) $ * ( + , H 3 $ ) 2 < ( ' 5 9 F * ( $ ' 6 $ % & ' ( $ ) $ * ( & . H $ * ( ' $ ? F 8 9 : * 2 ; $ ' < 2 ( 5 + , = + ' 2 * + 9 > 2 & I J K 2 0 ' 2 & L 9
C D C
B A
= + ' 2 * + 9 F ( & . 5
M F * < ( 2 ( 0 ( $ , + ' H + ) % . $ N 8 5 < ( $ ) < 9 ? & ( 2 + * & . O $ < $ & ' / 3 H + 0 * / 2 . P F 8 H Q H ? O R 9 > 2 & 6 $ . S + < < + 6 $ . H & ; & . 2 $ ' $
C D D
9
O + ) $ 9
D D C T T
9 F ( & . 5
U V
& W + ' & ( + ' 2 ? & @ 2 + * & . 2 6 2 S ' & < / & ( 2 F ? S ? 9 > 2 & X J S $ ' ) 2 Y
D
9 S ' & < / & ( 2 9
D D D
Y Y 9 F ( & . 5
Z [ \ ] ^ _ ` ]
a b c d e c f g h i j k f j d l d m n d g h o p c p c p g f f h c l q m j g d g h o p l m r l s g k g d k g f p e j h h l e m l q j d e g b t j d d g d j m u t l p
g m q c v v l b l d m q l w b l l j v j x c q g m c j d g d q v u d e m c j d g h c y g m c j d z c m r q o l h g t l h c d w k j h l e u h l p { | r l b l p u h m p g b l
u p l q m j q l k j d p m b g m l m r g m m r l m l e r d c } u l c p l x m b l k l h o l v v l e m c ~ l c d e h u p m l b c d w m r l q g m g g d q e j k f g b c d w
f b l f g b g m c j d f b j m j e j h p  p j m r g m c m g h h j z p m j q b g z g v g p m g d q b l h c g t h l e h g p p c v c e g m c j d j v m r l k j h l e u h l
f b j f l d p c m o m j c d m l b g e m z c m r f b c p m c d l g d q j x c q c y l q e g b t j d d g d j m u t l p { | r l p f l e m b g h v c d q c d w p g b l
p u f f j b m l q g d q l h u e c q g m l q t o p l ~ l b g h l x f l b c k l d m g h m l e r d c } u l p  m r l b k j w b g ~ c k l m b o g d q p m l g q o  p m g m l
g d q m c k l  b l p j h ~ l q v h u j b l p e l d e l k l g p u b l k l d m p  g d q t o e j k f u m g m c j d g h k j q l h c d w  p r j z c d w m r g m m r l
f b j f j p l q k l m r j q j h j w o e j u h q b l f b l p l d m g f j z l b v u h g d q b j u m c d l m l p m v j b m r l b g m c j d g h q l p c w d j v
v u d e m c j d g h d g d j p m b u e m u b l p {
    ] ^    ` ]   
 m c p d j z g q g o p e h l g b m r g m f b l p l d m q l ~ l h j f k l d m p c d m r l v c l h q j v d g d j p m b u e m u b l q k g m l b c g h p g d q
d g d j m l e r d j h j w o z c h h r g ~ l g f b j v j u d q c k f g e m c d p l ~ l b g h g b l g p  v b j k l d l b w o m l e r d j h j w c l p m j
t c j m l e r d j h j w c e g h g d q k l q c e g h g f f h c e g m c j d p { | r l e u b b l d m l v v j b m p g d q v c d q c d w p z c h h f b j t g t h o h l g q m j g
q b g p m c e e r g d w l j v k l m r j q j h j w c l p  g d g h o m c e g h c d p m b u k l d m p g d q q c g w d j p m c e m j j h p  g d q z c h h k j q c v o m r l
z g o z l g f f b j g e r m r l f b j t h l k p j v l d ~ c b j d k l d m g h g d q e h c d c e g h k j d c m j b c d w  l d l b w o p m j b g w l g d q m c p p u l
* Ł                                    ¡    ¢ £ ¤    ¥ ¦          §     ¨   ©  ©      ª «         ¤     ¬
Page 2 of 37Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
­l d w c d l l b c d w  t c j k g b ® c d w g d q q b u w q l h c ~ l b o { | r l q c k l d p c j d g h b l q u e m c j d m j m r l d g d j p e g h l c p c d v g e m
¯ ° ° ± ² ³ ¯ ´ µ ¶ ´ ± ¯ ° · ¸ ° ´ ¯ ¹ ´ ³ ¯ º » ± ¶ ³ ¼ ³ ² ¯ ´ ³ ± ¹ ± ¼ ´ ½ µ » ¯ ´ µ ¾ ³ ¯ º ¿ ° ± À
m c e g h  l h l e m b j d c e g d q p m b u e m u b g h f b j f l b m c l p 
p j m r g m m r l e b l g m c j d j v d j ~ l h v u d e m c j d g h k g m l b c g h p z c m r u d c } u l v l g m u b l p t l e j k l p f j p p c t h l { n m m r l
p g k l m c k l  d g d j k g m l b c g h p j v v l b m r l j f f j b m u d c m o m j f b j t l g d q c d v h u l d e l f b j e l p p l p g d q p g k f h l p g m m r l
e l h h u h g b g d q k j h l e u h g b h l ~ l h  l d g t h c d w m r l f j p p c t c h c m o v j b l g b h o q c g w d j p c p  c k f b j ~ l q f b j w d j p c p 
m g b w l m l q m r l b g f l u m c e g e m c j d g d q c k g w c d w z c m r r c w r l b p f l e c v c e c m o g d q b l p j h u m c j d {
Á j z l ~ l b  l p f l e c g h h o z r l d q l g h c d w z c m r g f f h c e g m c j d p c d m r l t c j k l q c e g h v c l h q  m r l u p l j v
d g d j p m b u e m u b l q k g m l b c g h p v j b e l p u p m j v g e l f b j t h l k p b l h g m l q m j m r l q l ~ l h j f k l d m j v b l h c g t h l m j j h p v j b g
q l m g c h l q e r g b g e m l b c y g m c j d j v m r l c b f b j f l b m c l p g d q v j b g d g e e u b g m l f b j j v j v m r l c b g e m u g h l v v l e m c ~ l d l p p {
Â l d l l q m j ® d j z z r g m z l u p l  v j h h j z g d q q l k j d p m b g m l m r l j f l b g m c j d  k j d c m j b m r l c d m l b g e m c j d z c m r
m r l l d ~ c b j d k l d m g d q z c m r t c j h j w c e g h p g k f h l p g d q j m r l b k g m l b c g h p  p j m j r g ~ l g f f b j f b c g m l c d p m b u k l d m p
m j j f m c k c y l m r l q l p c w d g d q p o d m r l p c p j v d l z d g d j p e g h l p m b u e m u b l p { | r c p c p l ~ l d k j b l m b u l z r l d
q l g h c d w z c m r d g d j  t c j e j k f j p c m l p g d q r o t b c q k g m l b c g h p  p u e r g p v u d e m c j d g h c y l q e g b t j d d g d j m u t l p
Ã
i Ä | Å  v j b f u b f j p l p j v m g b w l m c d w  q l m l e m c j d  c k f h g d m e j d p m b u e m c j d  q l h c ~ l b o g d q c k g w c d w Æ
  Ç
{  d q l l q 
i Ä | p f j p p l p p p f l e c g h k l e r g d c e g h  j f m c e g h g d q l h l e m b c e g h f b j f l b m c l p  m r g m e g d t l v u b m r l b m u d l q ~ c g
e j u f h c d w g d q p u b v g e l k j q c v c e g m c j d m j g m m g c d d j ~ l h v u d e m c j d g h c m c l p { n p g d l x g k f h l  p u e r e g b t j d t g p l q
m u t u h g b p m b u e m u b l p r g ~ l t l l d ~ l b o b l e l d m h o u p l q m j c d e j b f j b g m l g d q f b j m l e m g w w b l w g m l q q o l k j h l e u h l p
c d j b q l b m j j t m g c d g w c g d m s g k g d p e g m m l b c d w u p g t h l v j b k u h m c p f l e m b g h c k g w c d w Æ
­ Ç
{ n p f b j f j p l q t o m r l
g u m r j b p  m r c p d j m g t h l l v v l e m  t l c d w v b l l v b j k v h u j b l p e l d e l t g e ® w b j u d q g d q f r j m j t h l g e r c d w  e g d t l
l x f h j c m l q m j t u c h q g h c t b g b o j v È É Ê Ë Ì Í Î Ê Ï Ð Í Ñ Ò Ó d g d j f b j t l h g t l h p v j b s g k g d c k g w c d w { Á j z l ~ l b  i Ä | p
m r l k p l h ~ l p g b l ~ l b o p m b j d w s g k g d p e g m m l b l b p z c m r f l e u h c g b p f l e m b g h v l g m u b l p m r g m g b l p u t m h o k j q c v c l q
q l f l d q c d w j d m r l p f l e c v c e k l m r j q g f f h c l q v j b m r l c b v u d e m c j d g h c y g m c j d  ~ c g p f l e c v c e j b u d p f l e c v c e
t j d q c d w  g d q j d m r l m o f l  q c p m b c t u m c j d  g d q e j d e l d m b g m c j d j v e j k f j u d q p j b c d j b w g d c e d g d j f g b m c e h l p
g m m g e r l q j d m r l c b p u b v g e l {
Á l b l z l f b j f j p l m j g f f h o Ô u h m c ~ g b c g m l n d g h o p c p m j s g k g d k g f f c d w j v p c d w h l z g h h e g b t j d d g d j m u t l p
m b l g m l q z c m r q c v v l b l d m v h u j b l p e l d m q o l p g d q q c v v l b l d m e j u f h c d w g f f b j g e r l p g p g ~ g h u g t h l m j j h m j ~ l b c v o
Page 3 of 37 Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
Õm r l l v v c e c l d e o j v m r l v u d e m c j d g h c y g m c j d f b j e l q u b l  m j e j k f g b l m r l l v v l e m p j v ~ g b c j u p h g t l h p  m j p m u q o
m r l r j k j w l d l c m o j v m r l v c d g h p g k f h l g d q m j f l b v j b k q j p c d w g d q m j x c e j h j w o p m u q c l p v j b t c j  c k g w c d w
g d q q l h c ~ l b o g f f h c e g m c j d p { n e m u g h h o  m r l v g e m m r g m g p f l e c v c e q o l Ö q b u w h c d ® l q m j i Ä | p v j b t c j k l q c e g h
j b c k g w c d w g f f h c e g m c j d p w c ~ l p g d j d × r j k j w l d l j u p p g k f h l q j l p d j m k g ® l c m g w j j q e g d q c q g m l 
t l e g u p l  g p g e j d p l } u l d e l  m r l u h m c k g m l q j p l j v m r l q o l Ö q b u w c p d j m e j d m b j h h g t h l { Ô j b l j ~ l b  ~ l b o
j v m l d c m c p d j m p u v v c e c l d m h o m g ® l d c d m j g e e j u d m m r g m m r l d g d j k g m l b c g h g e m c d w g p g e g b b c l b p r j u h q t l
e j d p c q l b l q g p g q b u w c m p l h v m j g h h l v v l e m p  g d q m r l b l v j b l r g p m j t l g e e u b g m l h o e r g b g e m l b c y l q c d j b q l b m j
j t m g c d b l f b j q u e c t h l q j p l  l v v l e m q g m g g d q m b u p m z j b m r o m j x c e j h j w c e g h m l p m p  p u e r g p m r j p l Ø u p m t g p l q j d
s g k g d k l g p u b l k l d m p f b j f j p l q c d Æ
Õ Ç
{ Ù t ~ c j u p h o  m r l p c k f h l c d v j b k g m c j d j t m g c d g t h l z c m r p m g d q g b q
m l e r d c } u l p p r j z p m r g m m r l k j h l e u h l c p l v v l e m c ~ l h o g t h l m j t c d q m j m r l d g d j p m b u e m u b l  t u m c m q j l p d j m
m l h h u p g d o m r c d w g t j u m } u g d m c m g m c ~ l g p f l e m p j v m r l c d m l b g e m c j d {  d m r c p e j d m l x m  z l q l k j d p m b g m l m r g m
a b c d e c f g h i j k f j d l d m n d g h o p c p
Ã
a i n Å g f f h c l q m j s g k g d k g f f c d w e j d p m c m u m l p g ~ l b o b j t u p m k l m r j q 
g h h j z c d w g b g f c q g d q b l h c g t h l e h g p p c v c e g m c j d j v i Ä |  t g p l q p g k f h l p  z r c e r c p v u d q g k l d m g h m j c k f b j ~ l
m r l q l p c w d j v m r l d g d j p m b u e m u b l g d q m j j f m c k c y l m r l f b l f g b g m c j d f b j e l q u b l v j b m r l p f l e c v c e
g f f h c e g m c j d { n p c k c h g b g f f b j g e r r g p t l l d g f f h c l q c d Æ Ú
Ç
m j q c p e b c k c d g m l m r l s g k g d p f l e m b g j v
v u d e m c j d g h c y l q k u h m c z g h h l q e g b t j d d g d j m u t l p z c m r b l p f l e m m j f b c p m c d l j d l p  t u m f b l p l d m l q q g m g g b l
f j j b h o e h u p m l b l q g d q p l f g b g m l q  g d q m r l b l c p d j e j k f g b c p j d t l m z l l d q c v v l b l d m v u d e m c j d g h c y g m c j d
k j h l e u h l p g d q f b j m j e j h p { Á l b l  m r l b l p u h m p j v Ô u h m c ~ g b c g m l n d g h o p c p j d t j m r p f l e c v c e g d q d j d
p f l e c v c e k j q c v c e g m c j d p j t m g c d l q z c m r m r b l l q o l p  b r j q g k c d l Û Ü
Ã
s Û Ü Å  e o g d c d l
Õ
Ã
i o
Õ
Å g d q m r c j d c d
g e l m g m l
Ã
| Á n Å  g m q c v v l b l d m g w c d w p m g m u p  g b l p u f f j b m l q g d q l h u e c q g m l q t o p m l g q o  p m g m l g d q m c k l 
b l p j h ~ l q v h u j b l p e l d e l k l g p u b l k l d m p  m r l b k j  w b g ~ c k l m l b g d g h o p c p
Ã
| Ü n Å g d q i j k f u m g m c j d g h
Ô j q l h c d w  p r j z c d w m r g m m r l k l m r j q j h j w o e g d b c w r m h o g p f c b l m j t l e j k l g d g h m l b d g m c ~ l f j z l b v u h g d q
b j u m c d l m l p m v j b i Ä |  t g p l q v u d e m c j d g h d g d j p m b u e m u b l p {
Ý  Þ ß à á ^  â á  ] _ ã
Ý   ä   ` ]    _ ã  å _ ]   
Page 4 of 37Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
Ún d l m r g d j h c e p j h u m c j d j v m r l m r b l l q o l p
Ã
Ú {
Õ
x
  æ ç è
Ô | Á n 
 
{ Û é x
  æ ç ê
Ô s Û Ü 
 
{
æ
x
  æ ç è
Ô i o
Õ
Å
z g p g q q l q m j g p k g h h g k j u d m
Ã
­
k w Å j v p c d w h l z g h h l q i Ä | p ë m r l p j h c q z g p m b l g q j d  g d q m r l k c x m u b l
c p g h h j z l q m j p m g d q g m b j j k m l k f l b g m u b l v j b
Õ æ
k c d { n v m l b e l d m b c v u w g m c j d
Ã
  æ æ æ æ
b f k v j b
  æ
k c d Å
i Ä | p r g ~ l t l l d b l k j ~ l q g d q m r l p j h u m c j d v c h m l b l q j d g
æ
{ Ú ì í k f j b l v c h m l b î ï h u j b l p e l d e l p f l e m b g
Ã
p e g d p f l l q
  æ æ
d k Ö k c d Å z l b l b l e j b q l q c d m r l b g d w l j v Û
æ æ
× é
æ æ
d k u f j d l x e c m g m c j d g m ì ð Ú d k {
ñ x e c m g m c j d g d q l k c p p c j d p h c m p z l b l
  æ
{
æ
d k g d q ì {
æ
d k  b l p f l e m c ~ l h o {
n q g c h o v b l p r m r b l l m j v c ~ l f j c d m p
Ã
v b j k ð { é x
  æ ç ò
m j
­
{ Ú x
  æ ç ó
ë p m j e ® p j h u m c j d ð { é x
  æ ç ê
Å e g h c t b g m c j d
w b g f r j v m r l q o l p z g p q j d l u p c d w m r l v h u j b c k l m b c e k l m r j q r l b l c d q l p e b c t l q
Ã
s ô õ
æ
{ ð ð ð  p l l ö  Å {
Ý  Ý ÷ _ â _  \ à á ` ] ^  \ `  à ø _   â _ à à   ù
s g k g d k g f p g b l b l e j b q l q z c m r g q c p f l b p c ~ l s g k g d Ô c e b j p e j f l
Ã ú
f h j s n  Á Ù s  û n ü j t c d ý ~ j d
ö { n { ö {  ï b g d e l Å { | r l k l g p u b c d w e j d q c m c j d p g b l þ ì
Õ ­
d k l x e c m g m c j d z g ~ l h l d w m r  ì
æ æ
m
k z c q l
e j d v j e g h r j h l 
­ æ æ
m
k z c q l l d m b g d e l p h c m 
  æ æ
x j t Ø l e m c ~ l h l d p 
  ­ æ æ
w b Ö k k w b g m c d w { | r l
f j z q l b Ö v h g ® l p g k f h l p g b l q c b l e m h o q l f j p c m l q j d g w h g p p p h c q l g d q m r l k g f p g b l b l g h c y l q t o e j h h l e m c d w
Ú ð p f l e m b g f j c d m  t o  f j c d m j d g d g b l g j v Û x Û
m
k ô z c m r g p m l f p c y l j v
 
m
k { | r l k l g p u b l q p f l e m b g h
b g d w l c p é Ú 
­
é
æ æ
e k
ç ß
 g d q l g e r p f l e m b u k b l p u h m p v b j k
  æ
g e e u k u h g m c j d p g e } u c b l q z c m r m r l
n u m j v j e u p v u d e m c j d m u b d l q j d
Ã
b g d w l v b j k 
Õ
m
k m j
Õ
m
k z c m r g p m l f p c y l j v
æ
{ ì
m
k Å {
ö c d w h l s g k g d p f l e m b g r g ~ l t l l d g e } u c b l q g m v c x l q f j p c m c j d p t o u p c d w m r l p g k l k l g p u b c d w e j d q c m c j d p
j v m r l k g f p {
Ý     ^   `  à _ ã   â à   á  ] Z  _ ã ø \  \
a i n c p f l b v j b k l q ~ g h u g m c d w m r l s g k g d c d m l d p c m c l p j ~ l b
   
Ú q c p e b l m l z g ~ l h l d w m r p  e r j p l d c d m r l
° À µ ² ´ ¾ ¯ º ¾ ¯ ¹  µ ° ² ± ¾ ¾ µ ° À ± ¹ ¶ ³ ¹  ´ ± ´ ½ µ       	   ¯ ¹ ¶ 	 ¿ ¸ ¯ ¹ ¶ ° 
 ´ ½ µ · ° µ ¶  ¯  µ º µ ¹  ´ ½ ° ¯ ¾ µ
q l m g c h l q c d | g t h l ö
 
j v m r l ö  Å { | r l g d g h o p c p c p l x l e u m l q e j k f u m c d w m r l e j b b l h g m c j d k g m b c x c d p m l g q j v
m r l e j ~ g b c g d e l j d l  t l e g u p l  l ~ l d c v m r l q g m g g b l u d c v j b k c d m l b k p j v m o f l  m r l o g b l d j m
r j k j w l d l j u p c d m l b k p j v m r l b g d w l j v ~ g b c g t c h c m o þ m r l k l g p u b l q s g k g d c d m l d p c m c l p c d m r l e g p l j v m r l
p f l e m b g j t m g c d l q j d f b c p m c d l e g b t j d d g d j m u t l p g b l u f m j
  æ æ
m c k l p r c w r l b m r g d m r g m e j h h l e m l q c d m r l
Page 5 of 37 Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
ìe g p l j v m r l j x c q c y l q g d q v u d e m c j d g h c y l q p g k f h l p { n e m u g h h o  m r l f j p c m c j d c d w j v m r l f j c d m p c d m r l v c d g h
p e j b l f h j m c p j d h o f g b m c g h h o g v v l e m l q t o m r c p e r j c e l  t u m e h u p m l b p g b l h l p p e j k f b l p p l q g d q k j b l
b l g q g t h l c v g d g h o y l q t o k l g d p j v m r l e j b b l h g m c j d k g m b c x  g p e g d t l ~ l b c v c l q t o h j j ® c d w g m m r l
e j k f g b c p j d p r j z d c d ï c w u b l ö
Õ
j v m r l ö  {
Ý     â à  ] _ ]    _ ã â á ]    \
| r l
Õ 
p m b u e m u b l p j v c d ~ l p m c w g m l q e j k f j u d q p  m r c j d c d l g e l m g m l
Ã
| Á n Å  e o g d c d l g d q b r j q g k c d l  g b l
f b l f g b l q u p c d w m r l t u c h q c d w m j j h
À ¾ ±  ³ ¶ µ ¶ ¸   À ¯ ¾ ´ ¯ ¹ ¿   » ± º µ ²
u h g b k j q l h c d w p j v m z g b l Æ ì
Ç
{ | r l
p m g b m c d w w l j k l m b c l p g b l v u h h o j f m c k c y l q z c m r j u m p o k k l m b o e j d p m b g c d m p u p c d w m r l p l k c l k f c b c e g h
} u g d m u k  k l e r g d c e g h n Ô
 
Á g k c h m j d c g d Æ Û
Ç
g p c k f h l k l d m l q c d ö f g b m g d 
  æ
{ | r l d  k c d c k c y l q
p m b u e m u b l p g b l p u t k c m m l q m j Ü s 

Ö û  Ù i  û ñ Ú k v f b j e l q u b l Æ é
Ç
{ | r l f b j w b g k û  Ù i  û ñ Ú k v v c h m l b p
Ô  ï f j c d m p e g h e u h g m l q z c m r Ü s 

Æ 
Ç
g e e j b q c d w m j u p l b  p f l e c v c l q m r b l p r j h q ~ g h u l p
Ã

 
{
æ
t j m r v j b

s ý g d q i g b  
Õ
{
æ
® e g h Ö k j h v j b Ù  Å {
Ý     á ^ â  ù ^ _   â á ] ^  ` Z  _ ã ø \  \   ff Z fi
| Ü n l x f l b c k l d m p z l b l f l b v j b k l q j d g f f b j x c k g m l h o
  æ
k w j v m r l p g k f h l p z c m r g Û
æ
e k fl Ö k c d
d c m b j w l d v h j z
Ã
ð ð  ð ð ð ffi f u b c m o Å g d q z c m r g
  æ 
i Ö k c d r l g m c d w b g k f u p c d w g | Ü n  Û
æ æ
ö

|
c d p m b u k l d m {
Ý  !    ]  ã  â   á \ ` á  ` á " à á ` ] ^  \ `  à ø
a r j m j l k c p p c j d p m l g q o  p m g m l p f l e m b g z l b l g e } u c b l q z c m r g Á j b c t g ü j t c d ý ~ j d ï h u j b j h j w
Õ
| i ö a i
p f l e m b j v h u j b c k l m l b l } u c f f l q z c m r g Ú ì
æ
Â
ú
l d j d h g k f g d q g Á g k g k g m p u s ð
­
 f r j m j k u h m c f h c l b {
| r l p f l e m b g h b l p f j d p l z g p e j b b l e m l q v j b m r l p f l e m b g h p l d p c m c ~ c m o j v m r l f r j m j k u h m c f h c l b {
#
º · ± ¾ µ ° ² µ ¹ ² µ º ³ ¼ µ ´ ³ » µ °  $
ï  z l b l k l g p u b l q u p c d w g m c k l  e j b b l h g m l q p c d w h l f r j m j d e j u d m c d w
Ã
| i ö a i Å
m l e r d c } u l
Ã
Á j b c t g ü j t c d ý ~ j d Å z c m r l x e c m g m c j d p j u b e l Ä g d j % l q g m Ú ì ì d k
Ã
Á j b c t g Å g d q c k f u h p l
b l f l m c m c j d b g m l j v
 
Ô Á y m j g | û
ú
 Ú q l m l e m j b { | r l q l m l e m j b z g p p l m m j ì ì
æ
d k v j b b r j q g k c d l Û Ü 
Û
 
ì d k v j b | Á n g d q ì Û
æ
d k v j b e o g d c d l z c m r g
 
Ú d k t g d q f g p p { | r l c d p m b u k l d m z g p p l m c d m r l
s l ~ l b p l | n i k j q l  z r l b l m r l v c b p m q l m l e m l q f r j m j d b l f b l p l d m l q m r l p m g b m p c w d g h t o m r l m c k l  m j 
Page 6 of 37Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
Ûg k f h c m u q l e j d ~ l b m l b
Ã
| n i Å  g d q m r l l x e c m g m c j d f u h p l m b c w w l b l q m r l p m j f p c w d g h {

n ö Û q l e g o g d g h o p c p
p j v m z g b l z g p u p l q v j b h c v l m c k l e g h e u h g m c j d &
   ÷ á \  ã ] \
    ÷ _ â _  _  _ ã ø \  \
      ÷ _ â _  \ à á ` ] ^ _
ï c w u b l
 
f b l p l d m p p c d w h l s g k g d p f l e m b g e j h h l e m l q j d m r l f b c p m c d l e g b t j d d g d j m u t l f j z q l b p g k f h l
Ã
t h g e ® p j h c q h c d l Å  j d m r l p c d w h l z g h h l q i Ä |
Ã
ö Â i Ä | Å p g k f h l p u t Ø l e m l q m j e r l k c e g h j x c q g m c j d  j 
ö Â i Ä | p
Ã
k g w l d m g q g p r  q j m m l q h c d l Å  g d q j d m r l ö Â i Ä | p g k f h l m b l g m l q z c m r i o
Õ
q o l t l v j b l
Ã
w b l o
q j m m l q h c d l Å g d q g v m l b
Ã
w b l l d q g p r l q h c d l Å m r l j x c q g m c j d {
ä  ù  ^ á  
ö c d w h l s g k g d p f l e m b g e j h h l e m l q j d m r l f b c p m c d l e g b t j d d g d j m u t l f j z q l b p g k f h l
Ã
t h g e ®
p j h c q h c d l Å  j d m r l i Ä | p g k f h l p u t Ø l e m l q m j e r l k c e g h j x c q g m c j d
Ã
k g w l d m g q g p r  q j m m l q h c d l Å g d q j d
m r l i Ä | p g k f h l m b l g m l q z c m r e o g d c d l q o l t l v j b l
Ã
w b l o q j m m l q h c d l Å g d q g v m l b
Ã
w b l l d q g p r l q h c d l Å m r l
j x c q g m c j d { | r l c d p l m b l f j b m p g k g w d c v c e g m c j d j v m r l e l d m b g h p f l e m b g h b g d w l {
| r l t h g e ® p f l e m b u k p r j z p p j k l m o f c e g h f l g ® p g m m b c t u m l q m j e g b t j d d g d j m u t l p { | r l k j b l c d m l d p l c p
m r l Ü f l g ®  h j e g m l q g m g t j u m
 
ì 
æ
e k
ç ß
 z r c e r c p g p p j e c g m l q z c m r m g d w l d m c g h ~ c t b g m c j d k j q l p j v
p c q l z g h h i × i t j d q p  g d q e j d p c p m p j v m r b l l e j k f j d l d m p Æ ð
Ç
{ | r l

t g d q  g m g t j u m
  Õ Õ æ
e k
ç ß
 r g ~ c d w
Page 7 of 37 Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
ég k u e r h j z l b c d m l d p c m o  c p g p e b c t l q m j q c p j b q l b  c d q u e l q f r j d j d k j q l j v m r l e g b t j d p c x v j h q b c d w p
t b l g m r c d w ~ c t b g m c j d { | r l p m b u e m u b l q s g q c g h û b l g m r c d w Ô j q l
Ã
s û Ô Å c p h j e g m l q g m h j z s g k g d p r c v m p 
g d q r g p g v b l } u l d e o z r c e r c p c d ~ l b p l h o f b j f j b m c j d g h m j m r l m u t l q c g k l m l b { | r l t g d q f j p c m c j d l q g m
g t j u m
 
é
Õ
ì e k
ç ß
 e g h h l q Ô t g d q  c p g p l e j d q  j b q l b f l g ® w l d l b g h h o g p p c w d l q m j g e j k t c d g m c j d k j q l
j v m r l Ü g d q s û Ô t g d q p Æ ð 
  æ Ç
 j b m j j ~ l b m j d l p j v m r l j u m  j v  f h g d l c d v b g b l q g e m c ~ l k j q l g m  Û é
e k
ß
c d w b g f r c m l Æ
   

  ­ Ç
{ ï c d g h h o 
´ ½ µ 	 ¿ ¸ ¯ ¹ ¶  ¯ ´ ¯ ¸ ± · ´ ' ( ) ) ² »
ç ß
 c p g

t g d q j ~ l b m j d l g d q
b l f b l p l d m p m r l q j k c d g d m p l e j d q  j b q l b v l g m u b l c d ö Â i Ä | s g k g d p f l e m b g  z c m r q l k j d p m b g m l q
p l d p c m c ~ c m o m j q j f c d w Æ
  Õ

 
Ú
Ç
{ | r l k g w l d m g q g p r  q j m m l q p f l e m b u k e j h h l e m l q g v m l b m r l j x c q g m c j d
´ ¾ µ ¯ ´ » µ ¹ ´ ³ ° ² ½ ¯ ¾ ¯ ² ´ µ ¾ ³ * µ ¶ ¸  ¯ ² ± ¹ ° ³ ¶ µ ¾ ¯ ¸ º µ ¶ µ ² ¾ µ ¯ ° µ ± ¼ ´ ½ µ 	  	 ¿ ¯ ¹ ¶    ¸ ¯ ¹ ¶ ³ ¹ ´ µ ¹ ° ³ ´ ³ µ °  ¯
~ c p c t h l c d e b l g p l j v m r l

t g d q
Ã
q u l m j m r l f b l p l d e l j v c d q u e l q p m b u e m u b g h q l v l e m p g d q p c q l z g h h
q c p j b q l b j b g k j b f r j u p e g b t j d e j g m c d w Å g d q t o m r l g h k j p m e j k f h l m l q c p g f f l g b g d e l j v m r l Ô t g d q {
 d q l l q  m r l b g m c j s t l m z l l d m r l

g d q Ü t g d q c d m l d p c m c l p c p j v m l d u p l q m j l p m c k g m l m r l i Ä |
p m b u e m u b g h q c p j b q l b c d w Æ
 
ì 
 
é
Ç
{ Ô j b l j ~ l b  g h h m r l e c m l q t g d q p g f f l g b u f  p r c v m l q
Ã
  æ
m j
Õ æ
e k
ç ß
Å  g p g d
l v v l e m j v m r l g h m l b g m c j d j v m r l b l p j d g d e l e j d q c m c j d p e g u p l q t o p f l e c v c e l d ~ c b j d k l d m g h g d q m u t l  m u t l
c d m l b g e m c j d p  g d q t o e r g b w l m b g d p v l b f b j e l p p l p q u l m j i Ä | q j f c d w
Ã
p u e r g p c d m l b e g h g m l q g e c q
k j h l e u h l p Å Æ
 

Ç
{ n p w l d l b g h h o g w b l l q  m r c p p l d p c m c ~ c m o j v s g k g d p f l e m b j p e j f o m j p u b v g e l
k j q c v c e g m c j d p g d q c d q u e l q q l v l e m c ~ l d l p p k g ® l p c m g d c d e b l q c t h o f j z l b v u h m l e r d c } u l m j } u g h c m g m c ~ l h o
g p p l p p p m b u e m u b g h e r g d w l p j v ö Â i Ä | p { Á j z l ~ l b  m r c d w p t l e j k l k j b l p u t m h l g d q h l p p j t ~ c j u p z r l d
m b o c d w m j e j k f g b l p f l e m b g j t m g c d l q t l v j b l g d q g v m l b m r l v u d e m c j d g h c y g m c j d z c m r q o l k j h l e u h l p  t j m r
v j b m r l f b c p m c d l g d q m r l j x c q c y l q p g k f h l {  d q l l q  w b l o q j m m l q g d q t h g e ® p j h c q p f l e m b g g f f l g b } u c m l
p c k c h g b  q l k j d p m b g m c d w g ~ l b o p h c w r m l v v l e m j v u d p f l e c v c e c d m l b g e m c j d j v e o g d c d l z c m r f b c p m c d l
ö Â i Ä | p  k g c d h o w j c d w c d m r l p g k l q c b l e m c j d j v m r l j x c q g m c j d c m p l h v ë z r c h l m r l i Ä | p f l e c v c e
v u d e m c j d g h c y g m c j d
Ã
w b l l d q g p r l q e u b ~ l Å e g u p l p g d j f f j p c m l l v v l e m j v t g d q p c d e b l g p l g d q q j z d  p r c v m
z r l d e j k f g b l q z c m r m r l Ø u p m j x c q c y l q p g k f h l
Ã
k g w l d m g q g p r  q j m m l q e u b ~ l Å  g p t l m m l b ~ c p c t h l c d m r l
c d p l m b l f j b m c d w g k g w d c v c e g m c j d j v m r l e l d m b g h p f l e m b g h b g d w l { ï u b m r l b k j b l  m r l m b l g m l q p g k f h l p b l p u h m
} u c m l d j d  r j k j w l d l j u p  t j m r c d e j d e l d m b g m c j d g d q v u d e m c j d g h c y g m c j d q l w b l l  p j m r g m s g k g d p f l e m b g
Page 8 of 37Analyst
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
g e } u c b l q g m ~ g b c j u p f j c d m p j d m r l w h g p p  q l f j p c m l q f j z q l b g f f l g b q c v v l b l d m c d m l b k p j v t g d q f j p c m c j d
g d q c d m l d p c m o
Ã
p l l ï c w u b l ö
 
c d m r l ö  Å { | r l b l v j b l  g k g f f c d w f b j e l q u b l c p m j t l f b l v l b b l q v j b g
e j k f h l m l g d q g e e u b g m l e r g b g e m l b c y g m c j d Æ
 
Ú
Ç
{ | r u p  p f l e m b g c q l d m c v c e g m c j d g d q c d m l b f b l m g m c j d  u p u g h h o
k g q l m r b j u w r t g d q v c m m c d w  c p d j m g m g h h g p m b g c w r m v j b z g b q j f l b g m c j d  l p f l e c g h h o z r l d q l g h c d w z c m r m r l
e j k f g b c p j d j v q c v v l b l d m q o l p j b h g t l h c d w k j h l e u h l p g d q v u d e m c j d g h c y g m c j d f b j m j e j h p {
     Ý  ^   `  à _ ã   â à   á  ] Z  _ ã ø \  \ _ à à ã  á  ]  ÷ _ â _  â _ à \
a i n c p g k u h m c ~ g b c g m l p m g m c p m c e g h g d g h o p c p m l e r d c } u l z c q l h o u p l q m j b l q u e l m r l q c k l d p c j d g h c m o j v g
q g m g p l m e j d p c p m c d w j v g h g b w l d u k t l b j v ~ g b c g t h l p  z r c h l f b l p l b ~ c d w k j p m j v m r l b l h l ~ g d m c d v j b k g m c j d
e j d m g c d l q c d m r l p l m { | r c p c p g e e j k f h c p r l q m r b j u w r g h c d l g b m b g d p v j b k g m c j d j v m r l ~ g b c g t h l p m r g m
f b j Ø l e m p m r l j b c w c d g h j d l p c d g d l z i g b m l p c g d p o p m l k c d z r c e r d l z ~ g b c g t h l p g b l p j b m l q c d
q l p e l d q c d w j b q l b j v ~ g b c g d e l { | r l e j k f h l x c m o b l q u e m c j d c p q j d l t o k l b l h o e j d p c q l b c d w m r j p l m r g m
g f f l g b m j t l m r l k g c d
Ã
v j b ~ g b c g d e l Å t l m z l l d m r l d l z ~ g b c g t h l p {
Á l b l a i n c p g f f h c l q m j g d g h o p l s g k g d p f l e m b g t l h j d w c d w m j m r l k g f p g e } u c b l q j d m r l i Ä | p g k f h l p
z c m r m r l g c k j v q c p e b c k c d g m c d w  q c p m c d w u c p r c d w g d q e j k f g b c d w q c v v l b l d m q l w b l l p j v i Ä |
k j q c v c e g m c j d g d q v u d e m c j d g h c y g m c j d  q l ~ l h j f c d w g v g p m  h g t l h v b l l g d q b l h c g t h l k l m r j q m j p m u q o m r l
l v v l e m p j v q c v v l b l d m f b l f g b g m c j d f b j e l q u b l p j d m r l l v v c e g e o g d q r j k j w l d l c m o j v m r l v u d e m c j d g h c y g m c j d
c m p l h v {
| r l b l p u h m p j t m g c d l q j d f b c p m c d l  j x c q c y l q g d q q o l m b l g m l q e g b t j d d g d j m u t l p g b l p l f g b g m l h o b l f j b m l q
v j b m r l m r b l l q c v v l b l d m h g t l h c d w k j h l e u h l p u p l q r l b l þ s Û Ü
Ã
ï c w u b l
­
n Å  | Á n
Ã
ï c w u b l
­
û Å g d q i o
Õ
Ã
ï c w u b l
­
i Å { | r l p m b u e m u b l j v l g e r q o l c p p ® l m e r l q d l g b m r l e j b b l p f j d q c d w w b g f r {
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ðä  ù  ^ á Ý 
s l p u h m p j v a b c d e c f g h i j k f j d l d m n d g h o p c p g f f h c l q m j s g k g d k g f p j t m g c d l q j d f b c p m c d l 
j x c q c y l q g d q q o l m b l g m l q f b c p m c d l g d q j x c q c y l q e g b t j d d g d j m u t l p v j b m r l m r b l l q c v v l b l d m u p l q h g t l h c d w
k j h l e u h l p þ
Z
Å s Û Ü ë + Å | Á n ë

Å i o
Õ
{ | r l p m b u e m u b l j v l g e r q o l c p p ® l m e r l q d l g b m r l e j b b l p f j d q c d w
w b g f r {
 d g h h e g p l p  f j c d m p b l f b l p l d m c d w p f l e m b g t l h j d w c d w m j q c v v l b l d m k g f p g b l e h l g b h o p l f g b g m l q  p j m r g m 
l ~ l d c v g e l b m g c d q l w b l l j v f j c d m p f b l g q c d w c p f b l p l d m  g d c k k l q c g m l q c p m c d e m c j d c p f j p p c t h l t l m z l l d
q g m g j t m g c d l q j d d j d j x c q c y l q g d q j x c q c y l q m u t l p  g d q t l m z l l d i Ä | m b l g m l q g d q d j m m b l g m l q z c m r
q o l k j h l e u h l p {  d f g b m c e u h g b  v j e u p c d w j d ï c w u b l
­
n b l h g m l q m j b r j q g k c d l  m r l v c b p m f b c d e c f g h
e j k f j d l d m  a i
 
 z l h h p l f g b g m l p f j c d m p e j b b l p f j d q c d w m j v u d e m c j d g h c y l q
Ã
k g c d h o h j e g m l q c d h l v m r g h v 
f h g d l Å g d q d j m v u d e m c j d g h c y l q
Ã
k g c d h o h j e g m l q c d b c w r m r g h v  f h g d l Å p g k f h l p  z r c h l m r l p l e j d q
f b c d e c f g h e j k f j d l d m  a i
­
 g h h j z p g d l m p l f g b g m c j d t l m z l l d j x c q c y l q
Ã
u f f l b r g h v  f h g d l Å g d q f b c p m c d l
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  æ
Ã
h j z l b r g h v  f h g d l Å i Ä | p  g p p o d m r l p c y l q t o m r l m z j g b b j z p q l f c e m l q f g b g h h l h m j m r l g x c p { n d l } u g h h o
e h l g b q c p Ø u d e m c j d c p g h p j j t m g c d l q v j b m r l j m r l b m z j q o l p {

g m g b l f j b m l q c d ï c w u b l
­
û v j b | Á n
p c k c h g b h o p r j z  c d v g e m  g d l ~ c q l d m q c p m c d e m c j d t l m z l l d f b c p m c d l g d q j x c q c y l q p g k f h l p m r g m t l h j d w 
b l p f l e m c ~ l h o  m j m r l u f f l b g d q h j z l b r g h v  f h g d l p  z r c h l m r l a i
 
e j k f j d l d m p l f g b g m l p } u c m l z l h h m r l
p g k f h l p d j m m b l g m l q z c m r m r l q o l
Ã
f j p c m c j d l q j d m r l b c w r m Å  g d q m r j p l e r l k c e g h h o v u d e m c j d g h c y l q
Ã
f j p c m c j d l q j d m r l h l v m Å  z c m r m r l l x e l f m c j d j v g p l f g b g m l q w b j u f j v f j c d m p q c p e u p p l q h g m l b c d m r l m l x m {
| r l p c m u g m c j d c p f l e u h c g b v j b i o
Õ
{  d m r c p e g p l  a i
­
p l f g b g m l p  g w g c d  j x c q c y l q g d q d j d j x c q c y l q
i Ä | p  t u m m r l v u d e m c j d g h c y g m c j d w c ~ l p g q c v v l b l d m h j e g h c y g m c j d j v m r l k g f f j c d m p  p j m r g m p f l e m b g j v
f b c p m c d l m b l g m l q i Ä | p g b l f j p c m c j d l q j d m r l h l v m  z r c h l j x c q c y l q m u t l p h c d ® l q m j m r l q o l g f f l g b
k g c d h o h j e g m l q j d m r l b c w r m
Ã
p l l m r l g b b j z p f g b g h h l h m j m r l g x c p Å { | r l p r j z d q c p Ø u d e m c j d j v q g m g
f j c d m p e j b b l p f j d q c d w m j p f l e m b g j t m g c d l q j d q c v v l b l d m p g k f h l p q l k j d p m b g m l p m r l g t c h c m o j v a i n
g f f h c l q m j s g k g d k g f f c d w m j r c w r h c w r m p k g h h p f l e m b g h q c v v l b l d e l p  l ~ l d c d f b l p l d e l j v u d g ~ j c q g t h l
p g k f h l c d r j k j w l d l c m o {  d m l b l p m c d w h o  p g k f h l c d r j k j w l d l c m o  m j w l m r l b z c m r g f j p p c t h l p h c w r m
q l v j e u p c d w q u b c d w m r l g u m j k g m c e k g f f c d w f b j e l q u b l  j d h o e g u p l p g h c d l g b p f b l g q c d w j v m r l f j c d m p
g p p j e c g m l q m j m r l p g k l k g f  z r c h l k g f p j t m g c d l q c d q c v v l b l d m g b l g p j v m r l f j z q l b p g k f h l g b l g h k j p m
p u f l b f j p l q  g p e g d t l ~ l b c v c l q t o h j j ® c d w g m ï c w u b l ö
­
{ | r c p k l g d p m r g m g p c d w h l k g f c p p u v v c e c l d m
v j b g e j k f h l m l c q l d m c v c e g m c j d j v m r l p g k f h l  z r c e r v u b m r l b q l k j d p m b g m l p m r l f j m l d m c g h c m o j v m r l
g f f b j g e r {
Ü j c d w q l l f l b c d p c q l c d q g m g g d g h o p c p  f j c d m p j v m r l p g k l k g f m l d q m j t l q c p m b c t u m l q g h j d w p m b g c w r m
h c d l p j v v c x l q p h j f l  z r c e r r g ~ l g d j f f j p c m l p c w d v j b j x c q c y l q g d q d j d j x c q c y l q i Ä | p  z c m r m r l
l x e l f m c j d j v j x c q c y l q m u t l p v u d e m c j d g h c y l q z c m r i o
Õ
g d q | Á n  m r l v c b p m g f f l g b c d w p u t p m g d m c g h h o
e h j u q e h u p m l b l q  g d q m r l p l e j d q t l c d w  g p g h b l g q o p g c q  q c ~ c q l q c d m j m z j q c p m c d e m w b j u f p q c v v l b l d m h o
f j p c m c j d l q z c m r b l p f l e m m j m r l a i
 
e j k f j d l d m {
n m m r c p f j c d m  g e j k f g b c p j d t l m z l l d q c v v l b l d m v u d e m c j d g h c y g m c j d k j h l e u h l p e g d t l g h p j m l k f m l q t o
p l ~ l b g h h o g f f h o c d w a i n m j f b c p m c d l m b l g m l q p g k f h l p  g d q m j j x c q c y l q m b l g m l q p g k f h l p { | r l b l p u h m p g b l
b l f j b m l q c d ï c w u b l p
Õ
n g d q
Õ
û  b l p f l e m c ~ l h o {
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   
ä  ù  ^ á  
{
Z
Å b l p u h m p j v a b c d e c f g h i j k f j d l d m n d g h o p c p g f f h c l q m j s g k g d k g f p j t m g c d l q j d f b c p m c d l
i Ä | p
Ã
t h g e ® p } u g b l p Å g d q f b c p m c d l i Ä | p m b l g m l q z c m r b r j q g k c d l
Ã
h c w r m w b l o e c b e h l p Å  e o g d c d l
Ã
w b l o
u f  m b c g d w h l p Å g d q | Á n
Ã
q g b ®  w b l o q j z d  m b c g d w h l p Å { + Å s l p u h m p j v a b c d e c f g h i j k f j d l d m n d g h o p c p
g f f h c l q m j s g k g d k g f p j t m g c d l q j d j x c q c y l q i Ä | p
Ã
k g w l d m g p } u g b l p Å g d q j x c q c y l q i Ä | p m b l g m l q
z c m r e o g d c d l
Ã
w b l l d e c b e h l p Å  | Á n
Ã
t h u l u f  m b c g d w h l p Å g d q b r j q g k c d l
Ã
b l q q j z d  m b c g d w h l p Å {
 d m r l v c b p m w b g f r  m r l a i
 
e j k f j d l d m  z r c e r g e e j u d m p v j b k j p m j v m r l q g m g ~ g b c g d e l
Ã
g h k j p m ð ì ffi Å 
z l h h p l f g b g m l p f j c d m p e j b b l p f j d q c d w m j d j m v u d e m c j d g h c y l q m u t l p
Ã
t h g e ® p } u g b l p  f j p c m c ~ l ~ g h u l p j v
m r l e j k f j d l d m Å g d q m r j p l g p p j e c g m l q m j m r l k g f p e j h h l e m l q g v m l b m r l m b l g m k l d m z c m r m r l q o l p
Ã
d l w g m c ~ l ~ g h u l p j v m r l e j k f j d l d m Å { Á j z l ~ l b  m r l v u d e m c j d g h c y g m c j d z c m r | Á n p l l k p h l p p l v v l e m c ~ l
t l e g u p l f j c d m p
Ã
q g b ®  w b l o q j z d  m b c g d w h l p Å g f f l g b f g b m c g h h o p f b l g q j d m r l b c w r m r g h v  f h g d l { | r l
p l e j d q e j k f j d l d m  a i
­
 Ø u p m g e e j u d m c d w v j b
Õ
ffi j v ~ g b c g d e l  g h h j z p m j q c p m c d w u c p r m r l m r b l l q o l p
m r g m g b l ~ l b m c e g h h o q c p m b c t u m l q v b j k s Û Ü
Ã
h j z l b ~ g h u l p j v m r l e j k f j d l d m Å m j | Á n
Ã
r c w r l b ~ g h u l p j v
m r l e j k f j d l d m Å {
n p b l w g b q p m r l j x c q c y l q m u t l p  ï c w u b l
Õ
û p r j z p g e j  h j e g h c y g m c j d j d m r l b c w r m r g h v  f h g d l j v m r l
e h j u q j v f j c d m p j v m r l e o g d c d l m b l g m l q p g k f h l g d q f j c d m p t l h j d w c d w m j m r l p l e j d q w b j u f g p p j e c g m l q
z c m r m r l v u d e m c j d g h c y g m c j d z c m r | Á n  c d q c e g m c d w g p c k c h g b t l r g ~ c j u b {

c v v l b l d m h o  g h h m r l j m r l b k g f p
g b l f h g e l q j d m r l h l v m r g h v  f h g d l  z c m r a i
 
e j k f j d l d m p r g ~ c d w c d e b l g p c d w d l w g m c ~ l ~ g h u l p v b j k
p c k f h o j x c q c y l q  m j s Û Ü g d q  v c d g h h o  | Á n m b l g m l q m u t l p {
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  ­
 d m l b l p m c d w h o  m r l p f l e c v c e f j p c m c j d c d w j v m r l p f l e m b g h f j c d m p j d h o p h c w r m h o q l f l d q p j d p g k f h l g w l c d w {
| j c h h u p m b g m l m r c p c p p u l  ï c w u b l Ú f b l p l d m p m r l b l p u h m p j v m r l a i n g d g h o p c p z r l d e j d p c q l b c d w g h h m r l
k g f p b l g h c y l q j d f b c p m c d l p g k f h l p m j w l m r l b  g d q g q q c d w f j c d m p e j h h l e m l q j d p c k c h g b p g k f h l p t u m
f b l f g b l q g m q c v v l b l d m m c k l p  c { l { f b c p m c d l i Ä | p f u m c d e j d m g e m z c m r e o g d c d l k j h l e u h l p g m m r l p g k l
m c k l j v m r l j m r l b q o l k j h l e u h l p
Ã
a b c p m c d l , i o
Õ
 w b l o u f  m b c g d w h l p Å g d q g v m l b
  ­
k j d m r p
Ã
a b c p m c d l ,
i o
Õ
Ö d l z  ~ c j h l m q c g k j d q p Å {
ä  ù  ^ á  
s l p u h m p j v a b c d e c f g h i j k f j d l d m n d g h o p c p j t m g c d l q z r l d g q q c d w m j m r l f j c d m p g p p j e c g m l q
m j g h h m r l k g f p e j h h l e m l q j d f b c p m c d l m u t l p  g h p j m r j p l t l h j d w c d w m j m r l k g f p e j h h l e m l q j d p c k c h g b
p g k f h l p t u m f b l f g b l q g m q c v v l b l d m m c k l p  c { l { f b c p m c d l i Ä | p f u m c d e j d m g e m z c m r e o g d c d l k j h l e u h l p g m
m r l p g k l m c k l j v m r l j m r l b q o l k j h l e u h l p
Ã
a b c p m c d l , i o
Õ
 w b l o u f  m b c g d w h l p Å g d q g v m l b
  ­
k j d m r p
Ã
a b c p m c d l , i o
Õ
Ö d l z  ~ c j h l m q c g k j d q p Å {
| r l m z j q c v v l b l d m h o g w l q p g k f h l p g b l g h k j p m p u f l b f j p l q c d m r l p e j b l f h j m  l ~ l d c v m r l d l z l p m j d l c p
h l p p r j k j w l d l j u p f b l p l d m c d w p j k l f j c d m p h j e g m l q c d m r l b c w r m r g h v  f h g d l j v m r l w b g f r { | r l w l d l b g h
k l m r j q c p m r u p e j d p c q l b g t h o b j t u p m  w c ~ c d w e h u p m l b c d w b l p u h m p p u t p m g d m c g h h o d j m q l f l d q c d w j d m r l
p g k f h l f b l f g b g m c j d {
   Ý   â à  ] _ ]    _ ã ^ á \  ã ] \
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  Õ
Ô j h l e u h g b  d m l b g e m c j d ï c l h q p
Ã
Ô  ï p Å z l b l u p l q m j k c k c e m r l q c v v l b l d m c d m l b g e m c j d t l m z l l d m r l m r b l l
q o l p g d q e g b t j d d g d j m u t l p { û b c l v h o  m r l c d m l b g e m c j d l d l b w o t l m z l l d g p k g h h k j h l e u h l j b f g b m c e h l
Ã
e g h h l q m r l f b j t l Å g d q g e j k f j u d q
Ã
m r l m g b w l m  r l b l | Á n  i o
Õ
g d q s Û Ü Å c p e g h e u h g m l q t o
f j p c m c j d c d w m r l f b j t l c d g
Õ 
b l w u h g b h g m m c e l j v f j c d m p p u b b j u d q c d w m r l m g b w l m { | r l p l m j v c d m l b g e m c j d
l d l b w o ~ g h u l p w l d l b g m l p g Ô  ï m o f c e g h j v m r l e j k f j u d q g d q m r l f b j t l  g d q m r u p q c v v l b l d m Ô  ï p
f l b k c m m j l x f h j b l ~ g b c j u p f b j f l b m c l p j v m r l m g b w l m t o u p c d w q c v v l b l d m f b j t l p { Á l b l z l u p l q m z j
f b j t l p d g k l q i g b
Ã
k c k c d w c d m l b g e m c j d z c m r g b j k g m c e e g b t j d p Å g d q Ù 
Ã
k c k c d w e g b t j x o h g m l g m j k p Å {
Â l l x f l e m m r g m Ô  ï p q l b c ~ l q v b j k i g b f b j t l e j u h q k c k c e m r l c d m l b g e m c j d t l m z l l d m r l m g b w l m g d q
f b c p m c d l i Ä | p  z r l b l g p f b j t l Ù  e g d f b j ~ c q l c d v j b k g m c j d g t j u m m r l c d m l b g e m c j d z c m r e g b t j x o h c e
w b j u f p f b l p l d m j d m r l p u b v g e l j v j x c q c y l q e g b t j d d g d j m u t l p {  d f g b m c e u h g b  m r l d u k t l b j v m r l f j c d m p
c d m r l w b c q z c m r l d l b w o h l p p m r g d g u p l b × q l v c d l q m r b l p r j h q w c ~ l p g d l p m c k g m c j d j v m r l f b j f l d p c m o j v
m r l m g b w l m m j c d m l b g e m z c m r g e l b m g c d f b j t l Æ
 
ð
Ç
{ ï c w u b l ì f b l p l d m p m r l b l p u h m p l x m b g e m l q t o û  Ù i  û ñ 
k v v b j k Ü s 

Ô  ï p
Ã
p l l ö  Å v j b m r l m r b l l m g b w l m p þ s Û Ü
Ã
g Å  i o
Õ
Ã
t Å g d q | Á n
Ã
e Å { n b j u d q m r l
p m b u e m u b l p j v m r l e j k f j u d q p  m r l w b l l d f j c d m p e j b b l p f j d q m j m r j p l c d m r l w b c q g p p j e c g m l q m j g d
l d l b w o h l p p m r g d 
 
® e g h Ö k j h v j b m r l f b j t l i g b  z r c h l m r l b l q f j c d m p g b l g p p j e c g m l q m j g d l d l b w o h l p p
m r g d 
Õ
{
æ
® e g h Ö k j h v j b m r l f b j t l Ù  { | r l v c w u b l p r j z p m r g m | Á n g f f l g b p m j r g ~ l g d r c w r l b
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